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DRIVING ASSISTANCE APPARATUS AND
VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims priority to and the benefit of
Japanese Patent Application No. 2018-220584, filed on Nov.
26, 2018, the entire disclosure of which i1s incorporated
herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates a driving assistance appa-
ratus mainly installed in a vehicle.

Description of the Related Art

Some vehicles, such as four-wheeled automobiles,
include driving assistance apparatuses known as camera

monitoring systems (CMS) instead of side view mirrors.
While the side view mirrors have enabled a driver to see
what 1s happening behind his/her vehicle, the CMS 1s
configured to be capable of displaying the area behind the
vehicle as an 1mage. Such a driving assistance apparatus
includes, for example, a camera that captures an image of the
area behind the vehicle, a monitor such as a liquid crystal
display, and a controller that controls the driving of the
monitor on the basis of the result of the camera capturing an
image (see Japanese Patent Laid-Open No. 2017-24464).

Although the development and manufacturing of such
vehicles 1s making progress, there 1s overall demand for
turther improvements 1n usability.

SUMMARY OF THE INVENTION

One exemplary object of the present mmvention 1s to
improve the usability of a vehicle including a drniving
assistance apparatus, also called a CMS.

One of the aspects of the present invention provides a
driving assistance apparatus installed in a vehicle, the appa-
ratus comprising an i1mage capturing unit configured to
capture an 1image of a left-rearward area and a right-rearward
area of the vehicle, a display umit configured to display an
image capturing result from the 1image capturing unit as an
image, and a control unit configured to control the driving of
the display unit, wherein the control unit causes an icon for
communicating predetermined information to a driver to be
displayed over the image capturing result, at a position of a
corner part corresponding to an upper part on a vehicle body
side of the image displayed by the display unit.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram 1llustrating an example of
the configuration of a vehicle according to an embodiment.

FIG. 2 1s a top view illustrating part of the vehicle.

FIG. 3 1s a rear view 1llustrating part of the vehicle.

FI1G. 4 1s a rear view 1llustrating part of forward structure
of the vehicle cabin.
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2

FIG. 5 1s a perspective view 1llustrating part of the
forward structure of the vehicle cabin, viewed from the
perspective of the driver.

FIG. 6 1s a diagram illustrating an example of content
displayed 1n a right-side display unait.

FIG. 7 1s a diagram 1illustrating an example of icons
displayed in respective display units.

FIG. 8 1s a diagram 1illustrating an example of icons
displayed in respective display units.

DESCRIPTION OF TH

L1l

EMBODIMENTS

Embodiments of the present invention will be described
hereinafter with reference to the accompanying drawings.
Note that the drawings are schematic diagrams 1llustrating
the structure and configuration of the embodiments, and the
dimensions depicted may not retlect the actual dimensions.
In the accompanying drawings, like elements are given like
reference signs, and redundant descriptions may be omitted
from the specification.

FIG. 1 1s a schematic diagram illustrating part of the
configuration of a vehicle 1 according to this embodiment.
In the present embodiment, the vehicle 1 1s a four-wheeled
vehicle including a pair of left and right front wheels WHF
and a pair of left and right rear wheels WHR. However, the
number of wheels 1s not limited thereto, and the following
descriptions can be similarly applied to various vehicles,
such as two-wheeled vehicles, three-wheeled vehicles, and
more.

FIG. 1 shows an X axis, a Y axis, and a 7 axis, which are
orthogonal to each other, to make 1t easier to understand the
structure (the same applies 1 the other drawings described
later). An X direction corresponds to the front-and-rear
direction of the vehicle body. AY direction corresponds to
ne vehicle width direction, which 1s also the left-and-right
irection of the vehicle body. A Z direction corresponds to
ne vertical direction, which 1s also the top-and-bottom
irection of the vehicle body. In this specification, terms
such as front/rear, leit/right (side directions), and top/bottom
indicate relative positional relationships that are based on a
vehicle body 10 of the vehicle 1. For example, terms such as
“front” and “forward” correspond to the +X direction,
whereas terms such as “rear” and “rearward” correspond to
the —X direction. A direction having only components par-
allel to the X direction and the Y direction 1s assumed to be
the horizontal direction.

The vehicle 1 further includes a driving assistance appa-
ratus 2. The driving assistance apparatus 2 imncludes cameras
21, monzitors 22, and a control unit 23. The cameras 21 are
configured to be capable of capturing images of an area to
the rear of the vehicle 1 (the left-rearward area and the
right-rearward area), and are provided as a pair on the left
and right sides of the wvehicle body 10. Known image
capturing devices such as CCD image sensors, CMOS
image sensors, or the like may be used for the cameras 21.

The monitors 22 are provided as a pair on the left and
right, and are configured to be capable of displaying images
(including both moving 1mages and still images). Known
display devices such as liquid crystal displays, organic EL
displays, or the like may be used for the momtors 22.

The control unit 23 controls the driving of the momitors 22
on the basis of the results of the cameras 21 capturing
images, and causes an 1image indicating what 1s happening 1n
the area behind the vehicle 1 to be displayed 1n the monitors
22. For example, the control unit 23 generates image data on
the basis of the result of the cameras 21 capturing images,

t
C
t
C
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or receives such image data from the cameras 21, and
displays images in the monitors 22 on the basis of that image
data.

In the present embodiment, the cameras 21 are fixed
relative to the vehicle body 10. For example, the image
capturing areca RMON of the right-side camera 21 1s fixed,
and the driver can adjust the area displayed 1n the monitor
22 (1.e., the visual field range) using a predetermined 1mple-
ment. To rephrase this in terms of the control unit 23, part
of the stated 1image data 1s trimmed by the control unit 23,
and an 1mage corresponding to that part 1s displayed 1n the
monitor 22. When the driver uses the stated implement to
adjust the visual field range, another part of the stated image
data 1s trimmed, and an 1image corresponding to that part 1s
displayed 1in the monitor 22, 1n response to that operation.

In the present embodiment, the control umt 23 1s an
clectronic control unit (ECU) including a central processing
unit (CPU) and memory, and 1s capable of controlling the
monitors 22 by executing the above-described signal pro-
cessing on the basis of predetermined programs. As another
embodiment, a semiconductor device such as a program-
mable logic device (PLD) or an application-specific inte-
grated circuit (ASIC) may be used for the control unit 23. In
other words, the functions of the control unit 23 can be
realized by software or hardware.

According to this driving assistance apparatus 2, the
driver can understand what 1s happening behind the vehicle
1 by referring to the monitors 22 instead of side view
mirrors. As a result, the driver can make left turns, right
turns, lane changes, and the like by making turming opera-
tions using a steering wheel 3 as necessary. The driving
assistance apparatus 2 1s also called a “camera monitoring
system (CMS)”, “electronic mirrors”, “digital mirrors™, and
SO OI.

As another embodiment, the stated cameras 21 may be a
single camera 1nstead of a pair of left and right cameras. In
this case, a camera with a relatively wide angle of view 1s
used as the camera 21, and the camera 21 1s arranged on an
upper part of the vehicle body 10 so as to be capable of
capturing an image ol a relatively broad area behind the
vehicle 1.

To distinguish between the stated left and right pair of
cameras 21, in the following, the lett-side camera 21 will be
referred to as a camera 21, and the right-side camera 21 will
be referred to as a camera 21,. Likewise, for the left and
right pair of monitors 22, the left-side momtor 22 will be
referred to as a monitor 22,, and the right-side monitor 22
will be referred to as a monitor 22,.

FIG. 2 1s a top view illustrating a right-side part of the
vehicle body 10 (seen from the -7 direction), and FIG. 3 1s
a rear view of the same part (seen from the +X direction).
The camera 21, 1s provided on the outer right side of the
vehicle body 10, with an optical axis or directional range of
a lens 221 facing the right-rearward area. Note that the
cameras 21, and 21, are provided with left-right symmetry,
1.€., the above descriptions also apply to the left-side camera
21,.

The 1mage signals obtained by the cameras 21, and 21,
are output to the control unit 23 via wire harnesses or the
like, and are synthesized nto 1image data by the control unit
23. As another embodiment, the cameras 21, and 21, may
include processors, and the image data may be generated by
the processors in the cameras 21, and 21,

The wvehicle body structure of the vehicle 1 will be
described next with reference to FIGS. 4 and 5. FIG. 4 1s a
rear view of a vehicle cabin forward structure 11, and FIG.
5 1s a perspective view illustrating part of the vehicle cabin
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4

forward structure 11 (mainly the momtor 22, and the sur-
rounding area) from the perspective of the driver, which will
be described later. Various types of vehicle components (the
dashboard, air conditioner, buttons/switches, and the like)
are 1nstalled in the vehicle cabin forward structure 11,
including, for example, an mstrument panel 4 and a monitor
5.

The instrument panel 4 1s a part where various 1nstru-
ments (the speedometer, tachometer, fuel gauge, thermom-
cter, odometer, and so on) are provided, and where the
results of measurements by those instruments are displayed.
The instruments may use an analog or digital display format.
In the present embodiment, the instrument panel 4 1s
arranged forward from the drniver’s seat, so as to overlap
with the steering wheel 3 (described later) when viewed
from the rear (from behind). “Viewed from the rear” corre-
sponds to the perspective when viewing from the +X direc-
tion, but the same can be said when viewing from the front
(the perspective when viewing from the —X direction).

The monitor 5 1s provided to the side of the mstrument
panel 4, as an entity separate from the instrument panel 4.
The monitor 5 1s capable of displaying map information, as
well as moving 1images such as movies. However, when the
shift position 1s set to reverse (R), the monitor 5 can display
an 1mage indicating what 1s happening behind the vehicle 1.
A touch panel display through which touch operations can
be entered can be used as the monitor 5.

As can be seen from FIG. 4, the monitor 22, 1s installed
in a left-side end part, and the monitor 22, in a right-side end
part, of the vehicle cabin forward structure 11. Installing the
monitors 1n this manner enables the driver to view the
monitors 22, and 22, while driving, which makes 1t possible
for the dnver to understand what 1s happeming in the
left-rearward and nght-rearward areas of the vehicle 1
without feeling confused or uncomiortable.

The steering wheel 3 i1s installed rearward from the
vehicle cabin forward structure 11 and forward from the
driver’s seat. The present embodiment assumes that the
right-front seat 1s the driver’s seat and the steering wheel 3
1s installed in the right-rearward area of the vehicle cabin
forward structure 11. However, as another embodiment, the
left-front seat may be the driver’s seat, and the steering
wheel 3 may be installed 1n the left-rearward area of the
vehicle cabin forward structure 11. In this case, too, the
descriptions of the present embodiment apply in a similar
manner, and the details of the present embodiment can be
applied simply by reversing the left-nght symmetry, for
example.

The steering wheel 3 1ncludes a nm 31, a hub 32, and
spokes 33. The rim 31 1s annular, for being gripped by the
driver. The hub 32 1s provided on the imner side of the
annular rim 31, and a horn switch and the like, for example,
are installed 1n the hub 32. The spokes 33 extend between
the rim 31 and the hub 32, and optional buttons/switches and
the like are installed in the spokes 33. The hub 32 1s
connected to a steering shaft (not shown), so that when the
driver rotates the steering wheel 3, that rotational operation
1s communicated to the steering shait as a steering operation.
In the drawings, a central position of the outer shape of the
rim 31 when viewed from the rear (a position 1n the center
between the upper and lower ends as well as between the
left- and right-side ends) 1s taken as a center HO of the
steering wheel 3, and the upper end of the stated outer shape
1s taken as an upper end H1 of the steering wheel 3.

As can be seen from FIG. 4, when the steering wheel 3 1s
oriented so that the vehicle 1 travels straight, the spokes 33
extend 1n the left-and-right direction when viewed from the




US 10,981,519 B2

S

rear. Concave parts 34 are formed between the rim 31 and
the spokes 33, and for example, the driver can appropnately
orip the rim 31 while placing his or her fingers (e.g., his or
her thumbs) on the concave parts 34.

An adjustment mechanism 6 1s provided in the vehicle
cabin forward structure 11, in a location below the steering
wheel 3. The adjustment mechanism 6 includes a tilting
mechanism and a telescoping mechanism, for example, and
the driver can adjust the position and attitude of the steering,
wheel 3 using those mechanisms.

The monitor 22, includes a display unit 221, capable of
displaying an image based on the result of the camera 21,
capturing an 1mage (a left-side display unit). The display
unit 221, may be referred to as a “screen” or the like.
Likewise, the monitor 22, includes a display unit 221,
capable of displaying an image based on the result of the
camera 21, capturing an image (a right-side display unit). As
can be seen from FIG. 4, the display unit 221 1s fixed so as
to be positioned higher than the center HO of the steering
wheel 3 but lower than the upper end H1 of the steering
wheel 3 when viewed from the rear (the same applies to the
display unit 221 ;). Installing the monitors 22, and 22, 1n this
manner ensures that the display units 221, and 221 are
located 1n positions that can be easily seen by the driver. In
particular, with the vehicle body structure according to the
present embodiment, the driver’s line of sight to the display
unit 221, (or the 1image displayed 1n the display unit 221,)
1s unlikely to be blocked, or will substantially not be
blocked, by the steering wheel 3.

Here, the driver’s line of sight 1s defined based on
prescribed laws such as the regulations provided by the
United Nations Economic Commission for Europe (UN/
ECE-R46) or the like. Here, the driver’s line of sight is
assumed to be defined on the basis of “the dniver’s ocular
points”, described 1n chapter 11, section 12 of ECE/TRANS/
WP. 29/2015/84, found at https://www.unece.org/trans/
main/wp29/wp29wgs/wp29gen/gen2015 .html.

As can be seen in FIG. 4, 1n the present embodiment, the
display units 221, and 221, are at least partially positioned
higher than the spokes 33 when the steering wheel 3 1s
oriented so that the vehicle 1 travels straight (an attitude
where the spokes 33 extend in the left-and-right direction).
With the monitors 22, and 22, installed in this manner, the
driver’s line of sight to the display units 221, and 221, 1s
unlikely to be blocked by the spokes 33 When the driver
changes the travel direction of the vehicle 1 (e.g., when
changing lanes). To make it possible to achieve this even
more favorably, the display units 221, and 221, may further
be provided so that at least the upper halves thereof are
located higher than the spokes 33.

The display units 221, and 221, are furthermore posi-
tioned so that lower end parts thereol overlap with the
concave parts 34 when viewed in the Y direction. By
installing the monitors 22, and 22, in this manner, the
vehicle body structure can be made more compact. At the
same time, the driver’s line of sight to the display units 221,
and 221, 1s unlikely to be blocked by his or her own hands
when gripping the rim 31 with his or her fingers placed on
the concave parts 34. Furthermore, for example, a predeter-
mined icon can be displayed 1n an upper part of the display
unit 221, (this will be described later), and the line of sight
between the driver and the 1con 1s unlikely to be blocked by
the driver’s own hand.

Furthermore, the display units 221, and 221, may be
positioned so that the edge part of one of the units (the
display unit 221, in the present embodiment), located on
the inner side in the vehicle width direction, does not overlap

10

15

20

25

30

35

40

45

50

55

60

65

6

with the steering wheel 3, 1n the driver’s line of sight based
on the alforementioned regulations (e.g., UN/ECE-R46). By
installing the monitors 22, and 22, in this manner, the
vehicle body structure can be made even more compact, and
the driver need not greatly alter his or her line of sight when
checking the display umts 221, and 221,.

Furthermore, as illustrated in FIG. 4, the display units
221, and 221, are positioned so as to be higher than a
bottom end H2 of the mstrument panel 4, but lower than a
top end H3 of the instrument panel 4, when viewed from the
rear. It 1s assumed that the driver checks the instrument panel
4 as appropriate while driving, and installing the monitors
22, and 22, 1n this manner makes 1t possible for the driver
to simply shift his or her line of sight to the same height as
the instrument panel 4 when checking the display units 221,
and 221,. Thus according to this type of installation, the
driver need not greatly alter the direction of his or her line
of sight.

As described above, the position and attitude of the
steering wheel 3 can be adjusted by the adjustment mecha-
nism 6. Although 1t 1s preferable that the display units 221,
and 221, be positioned higher than the center HO and lower
than the upper end H1 regardless of the position and attitude
of the steering wheel 3 (see FIG. 4), the positions of the
display units 221, and 221, may be set relative to a prede-
termined position and attitude of the steering wheel 3. For
example, the display units 221, and 221, may be positioned
higher than the center HO and lower than the upper end H1
relative to the steering wheel 3 at a position and attitude
according to an 1nmitial setting. This mnitial setting can be set
as recommended by the dealer, a mechanic, or the like, for
example.

Alternatively, the display units 221, and 221, may be
positioned higher than the center HO and lower than the
upper end H1 1, for example, the steering wheel 3 has at
least been adjusted to the highest position of its pivotable
area. It 1s conceivable that the driver will have the most
difficulty seeing the display unmits 221, and 221, when the
steering wheel 3 1s at 1ts highest position. Thus the display
units 221, and 221, can be 1n a position easy to see by the
driver, regardless of which position and attitude the steering
wheel 3 has been adjusted to. For example, 1t 1s suflicient for
the stated positional relationship to be satisfied when the
steering wheel 3 1s adjusted furthest toward the rear of the
vehicle body and to a vertical attitude.

FIG. 5 1s a perspective view of the vehicle cabin forward
structure 11, showing the driver’s line of sight based on the
stated regulations (e.g., UN/ECE-R46). As can be seen from
FIG. §, the display umt 221, (as well as the display unit
221,) 1s fixed at an attitude angled relative to the X direction,
so as to be oriented toward the 1inner side of the vehicle width
direction, which makes it easy for the driver to see, and
makes 1t possible to make the vehicle body structure more
compact. The manner in which the display units 221, and
221, are fixed may be set to an attitude that can be seen
casily by the dniver, at a line of sight based on the stated
regulations (e.g., UN/ECE-R46).

FIG. 8 1s a top view of part of the vehicle cabin forward
structure 11 (mainly the area including the steering wheel 3
and the monitor 22,). In FIG. 8, a point E1 indicates the
position of the driver’s eye based on the stated regulations,
and the individual broken lines passing through the point F1
are assumed to 1ndicate the driver’s line of sight. As can be
seen from FIG. 8, when viewed from above (plan view (the
perspective when viewed from the —7Z direction)), the dis-
play umt 221, of the monitor 22, forms a predetermined gap
with the steering wheel 3, and 1s located so as not to overlap
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therewith 1n the Y direction. Incidentally, the display unit
221, may be positioned so as to face the steering wheel 3 1n
a direction perpendicular to the display surface of the unait.
Although details will be given later, with the stated line of
sight for the driver, the display unit 221, may partially
overlap with the steering wheel 3 on the inner side in the
vehicle width direction. However, the predetermined legal
visual field to be displayed in the display unit 221, 1s
substantially not blocked by the steering wheel 3. By 1nstall-
ing the monitor 22, 1n this manner, the vehicle body struc-
ture can be made even more compact, and the driver can see
the display unit 221, as appropriate while driving.

Referring again to FIG. 5, one or more indicators are
provided below the monitor 22 ,, namely 1ndicators 71 and
72. The mdicator 71 1s a display lamp for communicating
other information to the driver, such as warning him or her
that another vehicle 1s approaching from the rear or rear-side
area. The idicator 72 1s a display lamp for warning the
driver that an unanticipated state has arisen in the driving
assistance apparatus 2, e.g., that the monitors 22 have been
damaged or the like. The indicators 71 and 72 are preferably
positioned so that the driver’s line of sight thereto 1s not
blocked by his or her own hands. In the present embodiment,
the indicators 71 and 72 are located further from the steering,
wheel 3 than the center of the monitor 22, with respect to the
left-and-right direction thereof. Furthermore, the indicators
71 and 72 are both provided near the monitor 22, and can
therefore be seen by the driver with ease.

FIG. 6 1llustrates an example of an image displayed 1n the
display unit 221, of the monitor 22,. As described earlier,
the image 1n the display unit 221 ,, 1s displayed by the control
unit 23 controlling the driving of the display unit 221,.
Although the following describes the image displayed in the
display unit 221, the same can be said for the display unit
221, .

An immage indicating what 1s happening in the right-
rearward area of the vehicle 1 1s displayed 1n the display unit
221, and the vehicle body 10 also appears at the mnner edge
(the left side) i the vehicle width direction. Here, 1n an
initial state at least, the vehicle body 10 1s displayed at the
inner edge of the display unit 221, 1n the vehicle width
direction. This nitial state corresponds to the state of
settings when starting the engine of the vehicle 1 (when
turning the 1gnition on or turming a start switch on), and 1s
a state of settings recommended by the dealer, a mechanic,
or the like, for example. As a result, the driver can appro-
priately understand the relative positional relationship
between his or her own vehicle and the area displayed in the
display umit 221, before starting to drive. Note that the
information displayed at the upper edge of the display unit
221, on this inner side 1n the vehicle width direction (1.¢., the
edge where the vehicle body 10 1s displayed) can be thought
of as having relatively low importance while the driver 1s
driving. It 1s therefore acceptable for the stated edge to
partially overlap with the steering wheel 3 in the direction of
the driver’s line of sight, based on the stated regulations.

Although details will be given later, in this 1mage, a
predetermined 1icon M11 and the like can be displayed as
necessary in the display unit 221, 1 positions overlapping
with the vehicle body 10 in the top-and-bottom direction.
Note that the driver can adjust the visual field range (the area
displayed in the monitors 22) after starting the engine and
betore starting to drive. It the vehicle body 10 has exited the
frame of the display unit 221, due to the visual field range
being adjusted, the stated icon M11 and the like do not
overlap with the vehicle body 10 1n the top-and-bottom
direction.
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A schematic diagram for illustrating the display unit 221,
in detail 1s further given 1n the lower section of FIG. 6. As
indicated 1n this schematic diagram, the display unit 221,
includes a central part (or central area) P11 and a surround-
ing part (or surrounding area) P12. A predetermined legal
visual field 1s displayed 1n the central part P11. The prede-
termined legal visual field 1s an area that should be visible
to the driver while driving, and corresponds to a visual field
defined in chapter II, section 15 of UN/ECE-R46, for
example. Furthermore, in the schematic diagram, the part of
the steering wheel 3 (the rim 31) that may overlap with the
display unit 221, 1n the driver’s line of sight based on the
stated regulations 1s indicated by a broken line. The central
part P11 does not overlap with the steering wheel 3 in the
driver’s line of sight based on the regulations, and 1t 1s
preferable that if these elements do overlap with each other
in another perspective of the dniver, the stated visual field
range be adjusted.

The surrounding part P12 includes a corner part P121 1n
the upper area on the side where the vehicle body 10 1s
located. One of the 1con M11 and the like (described later)
can be displayed, or a plurality of such icons can be
displayed 1n a row in the top-and-bottom direction, 1n the
corner part P121 as necessary. The icon M11 and the like are
marks for communicating predetermined information to the
driver. The 1cons are formed from one or more of a graphic,
a symbol, text, and the like, and preferably enable the
meaning of the icon to be visually recognized with ease.

FIG. 7 illustrates several examples of the 1cons that can be
displayed 1n the display unit 221 ,,. (The same applies to the
display unit 221,, although this will not be described here.)
In the present embodiment, the icons are classified accord-
ing to three categories, for example For example, 1cons
M11, M12, and M13 are used as icons for 111d1c:at111g
renderlng mode Icons M21 and M22 are used as 1cons for
indicating whether or not the visual field can be adjusted, for
example. Finally, icons M31 and M32 are used as icons for
indicating whether or not the driver should take caution, for
example.

The 1con MI11 indicates that the display state of the
display unit 221, 1s a normal view mode. For example, the
icon M11 indicates that part of the image data obtained by
the camera 21, has been trimmed, and that an image
corresponding to that part 1s being displayed in the monitor
22. The icon M12 indicates that the display state of the
display unit 221, 1s a wide-angle view mode. The 1con M12
indicates that part of the image data has been trimmed at a
wider range than 1n the normal view mode, and that an 1image
corresponding to that part 1s being displayed in the monitor
22 1n a partially-compressed state, for example. In the
present embodiment, the wide-angle view mode enables the
driver to see what 1s happening behind the vehicle body 10
over a broader range than when using the normal view
mode. The 1con M13 indicates a reverse view mode. For
example, when the shift position 1s set to reverse (R), the
icon M13 1s displayed 1n the monitor 22 and an image of the
area behind the vehicle 1 1s displayed 1n the monitor 5.

The 1con M21 indicates that the visual field range (the
area displayed 1n the monitor 22) 1s being adjusted. That 1is,
the 1con M21 1s displayed while the driver 1s adjusting the
visual field range using the implement. The i1con M22
indicates a state 1 which the visual field range cannot be
adjusted, 1.¢., that the visual field range will not change even
if the driver manipulates the implement.

The 1con M31 indicates that the display umt 221, 1s
relatively hot. The image quality may drop when the display
unmt 221, 1s hot (e.g., 70° C. or higher), and thus displaying
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the icon M31 along with the 1mage 1n the display unit 221,
can ensure the driver takes appropriate caution. Reducing
the brightness of the backlight or suppressing the driving
power of the pixels, for example, are conceivable as a way
to prevent a drop in 1mage quality when the display umit
221, 1s hot. Even 1n such a case, 1t 1s preferable that the icon
M31 be displayed in the display unit 221, along with the
image. The 1con M32 indicates that the display unit 221, 1s
relatively cold. The mmage quality may drop when the
display unit 221, 1s cold as well (e.g., —20° C. or lower), and
thus displaying the icon M32 along with the image in the
display unit 221, can ensure the driver takes appropriate
caution.

Displaying the above-described various icons in the dis-
play umt 221, makes it possible to communicate diverse
types of mnformation to the driver. Of these 1cons, one icon
corresponding to each category can be displayed in the
display unit 221, as necessary. For example, one of the icons
M11, M12, and M13 can be displayed 1n the display unit
221, as an 1con indicating the rendering mode. Additionally,
one of the 1cons M21 and M22 can be displayed 1n the
display unit 221, as an icon indicating whether or not the
visual field can be adjusted. Furthermore, one of the 1cons
M31 and M32 can be displayed in the display umt 221, as
an icon for prompting the driver to take caution.

The information indicated by the above-described icon
M11 and the like may have varying levels of importance
(priority) 1mn terms of the driver driving properly. For
example, the icons M31 and M32 for prompting the driver
to take caution can be said to have a higher level of
importance than the icons M11, M12, and M13, which
indicate the rendering mode. However, the icons M21 and
M22, which indicate whether or not the visual field can be
adjusted, can be said to have a lower level of importance
than the icons M11, M12, and M13, which indicate the
rendering mode. It can be said that icons indicating infor-
mation with a high level of importance should be displayed
in positions that are easier for the driver to see than other
icons.

Referring again to FIG. 6, the 1cons M31, M11, and M21
are displayed in that order from top to bottom. In other
words, 1 the present embodiment, 1cons indicating infor-
mation having a relatively high level of importance are
displayed 1n the upper part of the corner part P121, while
icons indicating information having a relatively low level of
importance are displayed in the lower part of the corner part
P121. As 1llustrated 1in FIG. 6, in the present embodiment,
the lower part of the comer part P121 overlaps with the
steering wheel 3 1n the driver’s line of sight, and thus the
vehicle body structure can be made more compact. How-
ever, icons indicating information having a relatively low
level of importance are displayed in the bottom part of the
corner part P121, and thus there 1s substantially no impact on
the driving by the dniver.

The corner part P121 in which the icon M11 and the like
are displayed preferably occupies an end area that 1s no more
than 20% of the horizontal direction width of the display unait
221,. For example, when the width of the display unit 221,
in the horizontal direction 1s taken as a width W1, the corner
part P121 occupies an end part having a width W2, with the
following holding true:

W2<Wlxls

The widths W1 and W2 may be determined on the basis
of the respective numbers of pixels. In other words, the
foregoing formula can be calculated on the basis of the ratio
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of the number of pixels corresponding to the width W2 (e.g.,
100) to the number of pixels corresponding to the width W1
(e.g., 800).

As described above, in the present embodiment, the
display unit 221, 1s positioned higher than the center HO of
the steering wheel 3. As such, the driver’s line of sight aimed
at the 1con M11 and the like 1s substantially not blocked by

the steering wheel 3.

Furthermore, 1n the present embodiment, when the 1cons
M31, M11, and M21 are displayed 1n the display unit 221 ,,
the other i1cons M1l and M21 remain i1n their display
positions even if the 1icon M31 1s hidden (e.g., the 1cons are
not shifted upward). This makes 1t possible for the driver to
quickly check the display positions 1n the display unit 221,
and the icons displayed in those positions, which m turn
makes 1t possible to recognize the details communicated by
the 1con M11 and the like 1n a relatively short amount of
time.

To summarize the display format used for the display unit
221, the result of the camera 21, capturing an 1mage 1s
displayed in the display unit 221, as an image, and the
predetermined 1icon M11 and the like are displayed on top of
the 1image (the result of capturing an 1mage) 1n the corner
part P121. Using this display format makes 1t possible for
the driver to appropniately understand what 1s happening in
the right-rearward area of the vehicle body 10, and the icon
M11 and the like can be viewed without interfering with that
understanding. Because the i1con M11 and the like are
displayed on top of the image, the icons may be displayed
with a predetermined level of transparency.

To elaborate further, the monitor 22, replaces the side
view mirror. As such, it can be said that in the image
displayed 1n the display unit 221, the driver 1s less inter-
ested 1n the vehicle body 10, and 1s more interested 1n areas
distanced from the vehicle body 10 (e.g., whether or not
there 1s a following vehicle 1n an adjacent lane). Thus by
displaying the 1con M11 and the like 1n a position that
overlaps with the vehicle body 10 in the top-and-bottom
direction, the driver’s obtainment of information from the
display unit 221, 1s substantially not hindered. The same
applies for the display unit 221,.

The display umit 221, (and the image displayed in the
display unit 221 ) has an outer shape 1n which the side edge
on the vehicle body side (here, the left side) 1s slanted with
respect to the top-and-bottom direction. In other words, this
side end extends 1n a direction angled relative to the top-
and-bottom direction. Here, the display unmit 221, 1s fixed at
a tilted attitude so as to face the mner side of the vehicle
width direction (as described earlier), and by facing even
turther inward 1n the vehicle width direction relative to the
driver’s line of sight, the display surface of the display unit
221, 1s not orthogonal to the line of sight. Thus having the
side edge of the display unit 221, extending from top to
bottom so as to be positioned on the outer side 1n the vehicle
width direction, as 1llustrated in FIG. 6, makes 1t possible to
display an image without imparting a sense of unnaturalness
on the driver (display an 1mage that does not seem distorted).

The present embodiment describes the icon M11 and the
like as being arranged 1n the top-and-bottom direction and
displayed. However, as another embodiment, the icon M11
and the like may be arranged and displayed 1n a direction
tilted relative to the top-and-bottom direction, in the same
manner as the stated side edge (the left side of the display
umt 221,). This makes 1t possible to improve the image
design. This also makes 1t even less likely that the driver’s
line of sight aimed at the icon M11 and the like will be
blocked by the steering wheel 3. Furthermore, 1n this case,
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the direction 1n which the side edge of the display unit 221,
extends and the direction 1n which the 1con M11 and the like
are arranged may or may not be parallel to each other.

The embodiment as described thus far can be said to
provide usability improvements from a variety of perspec-
tives. For example, the control unit 23, which controls the
driving of the monitors 22, and 22,, causes the predeter-
mined icon M11 and the like to be displayed on top of an
image (a result of capturing an image), at the location of the
corner part P121 1n each of the display units 221, and 221 ,,.
Accordingly, the driver can appropriately understand what 1s
happening in the left- and night-rearward areas of the vehicle
1, and the predetermined icons can be viewed without
interfering with that understanding. This 1s advantageous 1n
terms of improved usability.

While several preferred embodiments have been
described above, the present invention 1s not intended to be
limited thereto, and may be partially changed without
departing from the essential spirit of the present invention.
For example, a given embodiment may be combined with
part of another embodiment 1n accordance with the purpose
or the like. Furthermore, terms used in the specification to
indicate various elements are used only for the purpose of
describing the present invention. The present invention 1s
not mtended to be limited to the strict meanings of those
terms, and also includes meaning equivalent thereto.

The various features of the above-described embodiments
will be summarized next.

A first aspect 1s directed to a driving assistance apparatus
(c.g., 2) mstalled in a vehicle. The apparatus includes: an
image capturing unit (e.g., 21) configured to capture an
image of a left-rearward area and a right-rearward area of the
vehicle (e.g., 1); a display unit (e.g., 22) configured to
display an 1image capturing result from the 1mage capturing
unit as an 1image; and a control unit (e.g., 23) configured to
control the driving of the display unit. The control unit
causes an icon (e.g., M11 or the like) for communicating
predetermined information to a driver to be displayed over
the 1image capturing result, at a position of a corner part (e.g.,
P121) corresponding to an upper part on a vehicle body side
of the image displayed by the display unat.

Accordingly, the driver can appropriately understand
what 1s happening in the left-rearward area and the right-
rearward area of the vehicle, the predetermined 1con can be
checked without interfering with that understanding, and as
a result, the usability can be improved.

According to a second aspect, the display unit includes a
left-side display unit (e.g., 221,) configured to display the
left-rearward area and a right-side display unit (e.g., 221 )
configured to display the right-rearward area; and the control
unit causes the i1con to be displayed 1n the corner parts of the
left-side display unit and the right-side display unit.

Accordingly, icons can be displayed 1n the left-side dis-
play unit and the night-side display unit. For example,
information required by or useful for the driver can be
displayed i1ndividually in the left-side display unit and the
right-side display unait.

According to a third aspect, a plurality of the i1cons are
arranged and displayed 1n a top-and-bottom direction in the
corner part.

Accordingly, diverse types of information can be com-
municated to the driver without substantially interfering
with the driver’s understanding of what 1s happening 1n the
left-rearward area and the right-rearward area of the vehicle.

According to a fourth aspect, a side edge of the image,
located on the vehicle body side, extends 1n a direction tilted
relative to a top-and-bottom direction; and a plurality of the
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icons are arranged and displayed in the direction tilted
relative to the top-and-bottom direction 1n the corner part.

Accordingly, diverse types of information can be com-
municated to the driver, and the image design can be
improved, without substantially interfering with the driver’s
understanding of what 1s happening 1n the left-rearward area
and the rnight-rearward area of the vehicle.

According to a fifth aspect, the side edge extends from top
to bottom so as to be located on an outer side 1n a vehicle
width direction; and the plurality of 1cons are displayed from
top to bottom so as to be located on the outer side in the
vehicle width direction.

Accordingly, the driver’s line of sight to the plurality of
icons 1s less likely to be blocked by the steering wheel.

According to a sixth aspect, the display unit further
includes a display section (e.g., 221, and 221,) capable of
displaying the image; and the corner part where the 1con 1s
displayed 1s present in an end area (e.g., the area having the
width W2) that 1s no greater than 20% of the width of the
display section 1n the horizontal direction.

This makes 1t possible to more favorably realize the
above-described first aspect.

According to a seventh aspect, the display unit further
includes a display section (e.g., 221, and 221,) capable of
displaying the image; the display section includes a central
part (e.g., P11), and a surrounding part (e.g., P12) that
surrounds the central part and includes the corner part; and
the control unit causes a predetermined legal visual field to
be displayed 1n the central part.

This makes i1t possible to more favorably realize the
above-described first aspect.

According to an eighth aspect, the display umt further
includes a display section (e.g., 221, and 221,) capable of
displaying the image; the control unit 1s configured to cause
the vehicle body (e.g., 10) to be displayed 1n an end part of
the display section on the inner side in a vehicle width
direction (e.g., the Y direction), when 1n an mnitial state; and
the control umit causes the 1con to be displayed 1n a position
overlapping, in the top-and-bottom direction, with the
vehicle body displayed 1n the display section 1n the initial
state.

This makes 1t possible to more favorably realize the
above-described first aspect.

A ninth aspect 1s directed to a vehicle (e.g., 1), the vehicle
including the above-described driving assistance apparatus.

The above-described driving assistance apparatus can be
installed 1n a typical vehicle.

According to a tenth aspect, the display unit further
includes a display section (e.g., 221, and 221,) capable of
displaying the 1image; and when the vehicle body 1s viewed
in the front-and-rear direction (e.g., the X direction), the
display section 1s positioned at the same level as an 1nstru-
ment panel (e.g., 4) with respect to the vehicle width
direction (e.g., the Y direction), and higher than the center
(e.g., HO) of a steering wheel (e.g., 3).

Accordingly, the driver’s line of sight aimed at the 1con 1s
substantially not blocked by the steering wheel.

While the present invention has been described with
reference to exemplary embodiments, 1t 1s to be understood
that the imvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest iterpretation so as to encompass all
such modifications and equivalent structures and functions.
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What 1s claimed 1s:

1. A driving assistance apparatus 1nstalled 1n a vehicle, the
apparatus comprising;

an 1mage capturing device configured to capture an 1image
of a left-rearward area and a right-rearward area of the
vehicle;

a display device configured to display, on a display
section, an image capturing result from the image
capturing device as an 1mage; and

an electronic controller having a central processing unit
and a memory configured to control the driving of the
display device,

wherein the electronic controller causes a plurality of
icons for communicating predetermined information to
a driver to be displayed over the image capturing result,
on the display section, at a position of a corner part
corresponding to an upper part on a vehicle body side
of the mmage displayed by the display device, the
plurality of 1cons including a caution icon for prompt-
ing the driver to take caution by indicating that the
display unit 1s hotter and/or colder than a reference
range, and the plurality of 1cons being displayed in a
top-and-bottom direction 1n a predetermined order such
that the caution 1con 1s displayed above the other 1cons,

when the vehicle body 1s viewed in the front-and-rear
direction, the display section 1s positioned at the same
level as an 1nstrument panel with respect to the vehicle
width direction, and higher than the center of a steering
wheel,

the display device includes a left-side display device
configured to display the left-rearward area, and a
right-side display device configured to display the
right-rearward area, and

the electronic controller causes the 1con to be displayed 1n
the corner parts of the left-side display device and the
right-side display device.

2. The driving assistance apparatus according to claim 1,
wherein a plurality of 1cons are displayed in the top-and-
bottom direction, such that an 1con with higher importance
1s positioned 1n an upper part of the corner part and an icon
with lower importance 1s positioned 1n a lower part of the
corner part.
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3. The driving assistance apparatus according to claim 1,
wherein a side edge of the image, located on the vehicle
body side, extends 1n a direction tilted relative to a

top-and-bottom direction; and

a plurality of the 1cons are arranged and displayed in the
direction tilted relative to the top-and-bottom direction
in the corner part.

4. The driving assistance apparatus according to claim 3,

wherein the side edge extends from top to bottom so as to
be located on an outer side 1n a vehicle width direction:
and

the plurality of 1cons are displayed from top to bottom so
as to be located on the outer side in the vehicle width
direction.

5. The driving assistance apparatus according to claim 1,

wherein the corner part where the i1con 1s displayed 1s
present 1n an end area that 1s no greater than 20% of the
width of the display section in the horizontal direction.

6. The driving assistance apparatus according to claim 1,

wherein the display section includes a central part, and a
surrounding part that surrounds the central part and
includes the corner part; and

the electronic controller causes a predetermined legal
visual field to be displayed 1n the central part.

7. The driving assistance apparatus according to claim 1,

wherein the electronic controller 1s configured to cause
the vehicle body to be displayed in an end part of the
display section on the mner side in a vehicle width
direction, when 1n an 1nitial state; and

the electronic controller causes the 1con to be displayed 1n
a position overlapping, in the top-and-bottom direction,
with the vehicle body displayed 1n the display section
in the iitial state.

8. A vehicle comprising:

the driving assistance apparatus according to claim 1; and

a wheel.

9. The driving assistance apparatus according to claim 1,

wherein a lower part of the display section on a vehicle body
side overlaps with the steering wheel in a driver’s line of

40 sight.
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